This paper describes the disparities in the U.S. childhood obesity epidemic, mainly based on recent nationally representative data. The prevalence of overweight and obesity has increased since the late 1970s; the over time shifts (changes) in distributions of various body fatness measures indicate that U.S. children have become fatter and the obese groups gained more body fat, especially more central obesity, as indicated by waist circumference. However, considerable between-group and regional disparities exist in the prevalence, fatness measures, and over time trends. The disparities and trends are complex, which reflects the complexity and dynamics in obesity etiology. Clearly, some population groups are affected more seriously than others. Native American children have the highest prevalence of obesity, whereas Asians have the lowest rate among all ethnic groups. Preschool age children have a lower obesity prevalence than older children. Young people in some states and cities are twice more likely to be overweight or obese than those living in other regions. Low-socioeconomic status is associated with obesity only among some population groups, e.g. white children and adolescents. Vigorous, effective interventions are needed to promote healthy lifestyles among U.S. young people and to reduce disparities in obesity. Adv. Nutr. 2: 23-31, 2011.
Introduction
Obesity is a good indicator of unhealthy lifestyles, characterized by overeating and lack of physical activity. Obesity has become a serious public health problem in the United States and many parts of the world (1) (2) (3) . There are large disparities in obesity between sociodemographic groups (1, 4) . The Healthy People 2010 Program in the U.S. sets the goals of reducing obesity prevalence to 5% in children (5) , which is unlikely to be met. Obesity in childhood often follows into adulthood (6) , which further supports the importance of preventing childhood obesity. Some research also suggests that some minority groups (e.g. African Americans) are more likely to remain obese over time (7) . Some recent data indicate a possible leveling off in the obesity prevalence increase (8, 9) , but one may suspect that this is inconclusive before more data become available (1, 9, 10) . The U.S. obesity epidemic can have many serious health and financial consequences if it cannot be controlled, and likely minority and low-income groups are hit harder (11) .
This paper was built on recent research, including our work, on related topics of the childhood obesity epidemic in the U.S. We focused on the between-group disparities and related trends in obesity, including prevalence and over time changes (or called shifts), in the distribution of various body fatness measures. We summarized the age, sex, ethnic, socioeconomic status (SES), 3 and geographic disparities. A good understanding of the disparities in childhood obesity in the U.S. can have many important implications, including gaining a better understanding of the etiology and better guiding future intervention efforts.
We focused on findings from 2 nationally representative surveys conducted by the CDC, the NHANES, and the Youth Risk Behavior Surveillance System (YRBSS), but we also included some key findings from other nationwide studies (1) . NHANES comprises a series of cross-sectional examination surveys conducted since the 1970s, including NHANES I (1971-74), II (1976 II ( -1980 , and III (1988-94), which became continuous since 1999. Rich data on Americans' health and related lifestyle behaviors such as diet and physical activity have been collected. Weight, height, waist circumference (WC), and triceps skinfold thickness (TST) were measured by direct physical examination (12, 13) . The 2007-08 data were made available most recently. Often, these recent data collected since 1999 were pooled in analyses to give adequate sample sizes and more reliable estimates. (2) YRBSS, initiated in 1991, monitors priority health risk behaviors among U.S. high school students (~15-18 y old), including self-reported weight and height, which may suffer from reporting errors and bias and underestimate obesity prevalence (10) . Different from NHANES, YRBSS data allow for analysis at state and city levels, e.g. to show regional differences. Diseases (R01DK81335-01A1) and The National Institute of Child Health and Human Development (1R01HD064685-01A1, 1R03HD058077-01A1, R03HD058077-01A1S1). 2 Author disclosure: Y. Wang, no conflicts of interest.
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In most cases, we presented overweight as BMI $ 85th percentile, and obesity as BMI $ 95th percentile, based on the 2000 CDC Growth Chart (14) . To reduce paper length, our results were often reported only for adolescents (12-19 y) , while in many cases, those for younger children (<12) are similar. We termed non-Hispanic (NH) whites 'whites' and NH blacks 'blacks.'
Current status of knowledge
Overview Studies conducted by the CDC and, in particular, some of our recent in-depth analysis have provided good evidence on the sociodemographic disparities in obesity prevalence, adiposity distribution shifts, and trends, including SES-obesity associations across population groups and changes in those associations across time in the U.S. (1, 4, 13, (15) (16) (17) (18) (19) (20) (21) . The sex, age, ethnic, and SES disparities in obesity and overweight prevalence are complicated and have changed over time. It is more complicated than the widely held perception that low-SES and minority groups had a high prevalence of obesity. Some of the disparities (e.g. by sex) have become greater, whereas some (e.g. by SES) seemed become smaller over the past decade.
The over time shifts in various adiposity measures such as BMI, WC, and TST reveal many more important insights on the patterns than solely examining the prevalence based on BMI percentiles. For instance, U.S. children and adolescents have become more centrally obese (e.g. gained more WC than BMI), in particular, the heavy groups. Adjusted adiposity shifts over time varied significantly across sex-age-ethnicity groups. Adolescents and some minority groups had greater increases in fatness than their counterparts. Some of those patterns observed among U.S. children and adolescents differed from those in U.S. adults (1, 4, 15, 16, 20) .
Age and sex disparities in prevalence in recent years Table 1 shows the age, sex, and ethnic disparities in recent prevalence of obesity and overweight among U.S. children and adolescents based on NHANES 2003-06 and 2007-08 data. In general, sex differences in the rates were small, which were very different from those in U.S. adults (1) . In young people, there were considerable age differences; preschool age (2-5 y old) children had a lower prevalence than their older counterparts by~10 percentage points (Fig. 1) . The prevalence among school age children (6-11 y old) and adolescents (12-19 y old) was similar. Age and sex disparities in the trends in prevalence between 1971-72 and 2007-08 Figure 1 shows that in all age groups, the prevalence of obesity has increased since the 1970s (1, 8, 18, 19) and the increases seem to be occurring at a faster rate since NHANES III (1988-94). Between 1988-94 and 2007-08, our estimated average annual increase was 0.6 percentage points. Among children, boys had a faster increase in obesity than girls (0.7 vs. 0.5 percentage points), although the increases were similar in adolescents (~0.5%). Overall, between 2003-06 and 2007-08, the prevalence continued to increase, although it decreased in some groups (preschool children and some minority groups).
Some recent NHANES data indicate the increase in obesity prevalence might have leveled off (8), but we suspect that this is inconclusive, in part due to the limitations of the NHANES data such as relatively small yearly sample sizes and for subgroups. For example, the decrease or no changes in the prevalence observed might be because of sampling problems, which has been shown in YRBSS. Recent YRBSS data showed no increase in obesity prevalence among U.S. adolescents between 1999 (10.7%) and 2001 (10.5%), but it increased to 13.1% in 2005-07 (10).
Ethnic disparities in the prevalence and time trends NHANES and other national survey data, which included other minority groups not covered in NHANES, reveal large ethnic disparities. Overall, these data indicate that whites and Asians had the lowest prevalence and American Indians had the highest prevalence. Blacks and Mexican Americans had rates higher than those in whites.
Figures 2-4 show the ethnic disparities in the prevalence of obesity in U.S. children and adolescents based on 3 different national surveys. Figure 2 show the patterns and time trends in adolescents based on NHANES data. There were considerable ethnic disparities in the prevalence. The ethnic disparities were greater in girls than in boys and they became greater between 1976-80 and 2003-06. Note that we suspected that the patterns indicated by the 2007-08 data may not be reliable regarding ethnic disparities. White children and adolescents had the lowest prevalence compared with their black and Mexican-American counterparts. In 2003-06, the combined prevalence was 30.7, 34.9, and 38.0% among the 2-to 19-y olds in the 2 groups, respectively. Among boys, Mexican-Americans had the highest combined prevalence (40.5% vs. 34.5% in whites and 32.1% in blacks). In girls, blacks had the highest prevalence (44.5% vs. 31.7% in whites and 142 37.1% in Mexican-Americans) (8) .
Other research shows that large ethnic disparities emerge at very young ages and exist even in homogeneous SES groups in the U.S. For example, data from the Early Childhood Longitudinal Study (ECLS), nationally representative data collected from 8550 preschool children in 2005, show that large ethnic differences in obesity prevalence emerged in this age group (Fig. 3) . Among preschool U.S. boys, the prevalence was 37.0% in American Indians (highest), 15.8% in Asians (lowest), and 17.4% in whites (21) . A study of 21,911 preschool children enrolled in the Hawaiian WIC program (low income participants in federal nutrition programs) in 1997-98 found large ethnic differences in obesity rates (22) . Among the 8 ethnic groups (white, black, Asian, Filipino, Hawaiian, Hispanic, Samoan, and other), Samoan children had the highest prevalence (17.5% in 1-y olds and 27.0% in 2-to 4-y olds), whereas Asian 1-y olds (2.3%) and black 2-to 4-y olds (7.3%) had the lowest rates.
Previously, the PATHWAY study of 1704 schoolchildren (in grades 2-3) from 41 schools from 7 American Indian communities reported a much higher prevalence than the national average. At baseline at the end of the 1990s, about one-half of the study participants were overweight or obese (51.5% in girls vs. 46.5% in boys) and 30.5% of girls and 26.8% of boys were obese, except for large variations across the study sites (23) . The Add Health Study 1996 data show that Asian adolescents had the lowest obesity prevalence among main ethnic groups (Fig. 4) . It was 10 and 4% in Asian adolescent boys and girls compared with 14 and 10% in whites, respectively (24).
Sex and ethnic disparities in the over time increases in the distribution of different adiposity measures Recently, we examined the shifts in BMI, WC, and TST (only in children) in children and adolescents (16) between NHANES 1988-94 and 1999-04. First, based on each adiposity measure, we divided the U.S. population in each NHANES wave into 100 groups, from the thinnest to the heaviest groups (called percentiles). Then, we estimated the mean BMI within each percentile group. Next, we calculated the between wave changes in these means and similarly for other fatness measures. To calculate the yearly changes, the changes were divided by 10.5 y, the average interwave period. Based on these measures we created distribution curves using kernel densities, a nonparametric smoothing technique to help examine distributions and visually assess their change in shape and shifts over time (16) . These provide much more informative and important insights than solely examining overweight and obesity prevalence. In adolescents, during this period, mean BMI increased by 0.64 in boys and 0.60 in girls; mean BMI percentiles increased by 3.15 and 3.01; average WC increased substantially, by 2.42 and 2.85 cm; and TST increased by 1.18 and 0.81 mm, respectively. Though apparently different, their shift patterns had several common features: the population gained more adiposity over time. Heavier (obese) U.S. adolescents had gained more body fat over time, especially more visceral fat (as indicated by WC), than of overall body fat as indicated by BMI. In that study, we also fit models estimating the over time adjusted adiposity changes by sex, age, and ethnicity and within the lowest (thin group) against those in the uppermost quintile (obese group) (16) . The average annual changes were significantly greater in the obese groups. Further, the increase in WC was greater than those in BMI and TST. This indicates greater health risks, because WC is a better predictor of adverse health consequences.
There were sociodemographic disparities in these shifts. In fact, mean BMI disparity increased over time, particularly when comparing black to white girls. Among girls (2-19 y), but not boys, blacks had significantly larger adjusted mean shifts in all adiposity measures than whites; their mean BMI adjusted shifts were 1.34 vs. 0.42.
SES disparities in the prevalence
The patterns observed in U.S. youth share some similarities with those in adults but with some unique features. In one study based on NHANES data collected between 1971 and 2002, we used family per capita income tertiles to define low-, medium-, and high-SES groups and assessed the association between SES and obesity and the related sex, age, and ethnic differences and the over time changes in the association in U.S. children and adolescents (4) . SES was inversely related to obesity in whites but not among blacks or Mexican-Americans (Fig. 6) . High-SES young boys had the lowest prevalence compared with their counterparts, whereas the SES difference in the prevalence was small in young girls. Adolescents saw no consistent SES-obesity association in boys, but low-SES adolescent girls had a much higher prevalence than their mediumand high-SES counterparts (20.0 vs. 14.2 and 12.9%). This is mainly due to the strong inverse association between SES and obesity in white adolescent girls. High-SES black adolescent girls had a higher prevalence than their lower SES counterparts (38.0 vs. 18.7 and 24.5%). Further, our analysis also indicates that only a very small proportion (e.g. <5%) of the variations in BMI could be explained by family income.
Geographic and urban-rural disparities YRBSS data have shown considerable disparities in obesity rates across the covered states and cities in the U.S. (Table 2) (10). We ranked the states (or cities) based on their prevalence and calculated the ratio between the lowest and highest rates, respectively. In 2007, across the 39 included states, obesity prevalence ranged from 8.7 to 17.9% and was 20.4 to 35.8% for the combined prevalence. Utah (8.7%) had the lowest and Mississippi (17.9%) had the highest obesity prevalence. The disparities were greater across cities, ranging between 21.0 (San Francisco, CA) and 39.7 (Detroit, MI) for combined prevalence.
Our previous research based on NHANES III data shows that rural-urban differences were small and varied across age groups (25) . In children aged 6-9 y, the combined prevalence was higher in urban areas (26.1 vs. 22.8%), but in adolescents, it was slightly higher in rural areas (27.2 vs. 24.4%). In both age groups, obesity prevalence was similar. No such studies have been reported based on recent NHANES data on the rural-urban differences. We suspect it is unlikely there would be main changes in the patterns. 
Conclusions
Childhood obesity is becoming a national public health crisis, because one-third of U.S. young people are overweight or obese. However, the disparity patterns and related trends in the U.S. childhood obesity epidemic are complex. This reflects the complexity and dynamics in its etiology. Clearly, some population groups are affected more seriously than others. For example, Native American children have the highest prevalence of obesity, whereas Asians have the lowest rate among all ethnic groups. Preschool age children have a lower obesity prevalence than older children. Young people in some states and cities are twice more likely to be overweight or obese than those living in other regions. Low-SES is associated with obesity only among some population groups. Thus, both tailored and comprehensive intervention approaches are needed to fight the epidemic considering the scope of the obesity disparities and available recourses. The disparities in the prevalence of obesity in U.S. young people suggest that obegenic environmental changes may affect some groups more than others, which is also because different groups may have responded differently to the environmental factors. Lifestyles such as higher consumption of energy dense foods and sedentary behaviors may in part explain the gender, age, and ethnic disparities. For example, adolescents had greater autonomy in deciding their health behavior and choices than young children who are under more parental influence. Some minority groups often are more likely to live in low-SES communities with less access to healthy choices and tend to underestimate the risks of obesity than other groups.
Eliminating ethnic and socioeconomic disparities in health status, including obesity, is a national priority in the U.S. (5). However, the determinants of ethnic disparities in obesity remain poorly understood. Although obesity disparities may be a result of interactions between genetic and environmental factors, with different groups responding differently to similar environmental conditions, environmental factors play a key role fueling the obesity epidemic and related disparities. A growing body of research suggests that complex factors operating interactively at multiple levels including individual, community/school, society, and international levels have contributed to the obesity crisis in the U.S. and many other countries (26) . More research and monitoring programs are needed to help understand the underlying causes of the disparities. In addition, future research on the health and economic consequences of childhood obesity is needed, both in the whole population and minority groups. Such consequences could vary across groups and change over time.
Several health organizations, including The Institute of Medicine and the WHO, have published recommendations to help fight childhood obesity (27, 28) . Overall, these recommendations call on comprehensive, population-based interventions with the involvement of multiple parties in society. Several recent reviews suggest the majority of previous childhood obesity intervention trials, most of which focused on individuals' behaviors and school settings, are not successful (29) (30) (31) (32) . It is clear that the U.S. national objectives specified in the Healthy People 2010 Program related to obesity cannot be met. The objectives need to be reframed and be more realistic when developing the Healthy People 2020 objectives. More vigorous government support and programs are needed to fight the epidemic, reduce the disparities, and prepare the nation to face the related future consequences. Effective intervention programs to promote healthy lifestyles among young people will not only reduce obesity but will also help prevent other chronic diseases and reduce related costs. 1 Our analysis was conducted based on results reported in (10). 2 Ranked the states based on the prevalence for both boys and girls, from highest to lowest. Data were available for only 39 states. These were based on self-reported weight and height. 3 Ratio = highest prevalence/lowest prevalence.
